Background: The 2019 Global Initiative for Chronic Obstructive Lung Disease (GOLD) report made recommendations for the assessment, initial and subsequent treatment chronic obstructive pulmonary disease (COPD) based on biomarkers, including blood eosinophil counts. Methods: We evaluated the distribution of UK COPD patients initiating maintenance therapy and established patients by GOLD group, the prevalence of comorbidities and appropriateness of therapy using electronic patient records from the Optimum Patient Care Research Database (OPCRD). Changes in effective GOLD group, therapy and exacerbation rates over the next 2 years were analysed. Findings: 11,409 established COPD patients and 699 starting therapy were studied. 44¢3%, 25¢7%, 13¢8% & 16¢2% of established COPD patients and 45¢2%, 28¢5%, 15¢7% & 10¢6% initiating therapy were in GOLD groups A, B, C & D respectively. The overall proportion in each GOLD group was similar after 2 years but there was substantial movement of patients between groups. Diabetes and cardiovascular disease were the most common comorbidities in all groups in both cohorts. LAMA monotherapy was the commonest initial therapy in all GOLD groups. In both cohorts there was overtreatment with escalation, de-escalation or switching in nearly 50% during follow-up. In both cohorts, exacerbation rates were highest in group D and appeared higher in over-treated patients. Interpretation: Most patients are not at risk of exacerbations and co-morbidities are common. Many patients change effective GOLD group and therapy over time. Prescribing is not in accordance with guideline recommendations and many patients still appear over treated.
Introduction
In 2017 the Global Obstructive Lung Disease initiative (GOLD) published new recommendations on the assessment of COPD [1] separating the degree of spirometric impairment from the four GOLD groups A to D which classify patients on the basis of the level of symptoms and the risk of exacerbations, assessed now solely by the number of exacerbations in the previous year. The 2019 GOLD Report clarifies previous recommendations that the groups are solely used as the basis for the choice of initial therapy [2] . Many clinicians had interpreted the recommendations as if they applied to patients at any stage of their management, although this was not what was stated or intended and previous studies on the appropriateness of therapy have studied populations that were already receiving maintenance therapy rather than examining initial treatment choices [3À6].
These studies have shown a higher use of ICS and under-prescription of bronchodilators than expected based on the recommendations [3,7À11] ; however, their interpretation is limited by the fact some patients may have responded well to therapy and reduced the level of their symptoms, had fewer exacerbations or both, resulting in erroneous conclusions about the appropriateness of their therapy.
We applied the 2017 assessment scheme to patients with COPD under the care of General Practitioners in the United Kingdom (UK) to determine the distribution of patients and whether it identified groups with different outcomes such as exacerbation rate. As in studies of the distribution of patients according to previous GOLD recommendations, we examined the distribution into the four groups among established patients with COPD (cohort 1), but importantly we have also investigated the distribution of patients initiating maintenance therapy (cohort 2), who are the true target of the GOLD assessment scheme. We also examined the distribution of spirometric impairment and comorbidities among patients in each group in both established patients and those initiating maintenance therapy. We examined the appropriateness of the initial inhaled therapy in those initiating maintenance therapy, and the appropriateness of the maintenance inhaled therapy in the established COPD patients with reference to the GOLD 2019 recommendations. We determined whether patients appeared to have changed groups, what the annual exacerbation rates were and whether these were related to the appropriateness of therapy.
Methods

Data Source
A population-based cohort study was carried out using the continuous electronic health record database, Optimum Patient Care Research Database (OPCRD) which contains anonymised routine, patient-level diagnostic, clinical and prescribing information on approximately 5¢8 million patients from over 700 primary care centres across the UK (http://opcrd.co.uk/). OPCRD has received a favourable opinion from the NHS Health Research Authority for anonymous research use (REC reference: 15/EM/0150). Governance is provided and study protocol was approved by the Anonymised Data Ethics and Protocols Transparency (ADEPT) committee (ADEPT0918), an independent body of experts and regulators commissioned by the Respiratory Effectiveness Group (REG, http://www.effectivenessevaluation.org/). The study protocol was registered with the European Union electronic Register of Post-Authorization studies (EUPAS25136).
Study Population
All patients with established COPD (had at least one diagnostic Read code (Quality Outcomes Framework (QOF) defined) for COPD before the index date (ID)) who were continuously registered at a general practice between January 1, 2013 and December 31, 2016 were eligible for inclusion in the analysis. To be coded as having COPD patients had to have had spirometry. Cohort 1 comprised patients with established COPD, irrespective of maintenance treatment for COPD. In this cohort the ID was defined as January 1, 2014. Cohort 2 comprised established COPD patients who initiated maintenance treatment in the year 2014. The date of initiating maintenance treatment for COPD was defined as the ID, the date at which the patient received their first prescription of long-acting beta agonists (LABA), long-acting muscarinic antagonists (LAMA), inhaled corticosteroids (ICS), or combination therapies of LABA, LAMA and ICS (LAMA/LABA, ICS/LABA, ICS/LAMA, LABA/LAMA/ICS) in the year 2014. Patients in cohort 2 were not included in cohort 1. For further details of the data requirements and data extracted from OPCRD see the appendix.
The primary outcome in each cohort was the change of GOLD groups over a 2-year period. The classification of each patient by GOLD group in 2016 was compared with their GOLD group in 2014. Additional outcomes were the appropriateness of the therapy with reference to GOLD 2019 in patients in cohort 1 based on their breathlessness (mMRC score), exacerbation frequency and blood eosinophil count (for details of the criteria used see appendix, table S1), and the appropriateness of the initial therapy in cohort 2 (see appendix, table S2 ). Patients were classified as under-, appropriately or over-treated on the ID. The number of patients who appeared over-treated who had a diagnosis of current asthma was also calculated. Patients were further categorised as having escalation, de-escalation, switching or no change in their therapy between 2014 and 2016 (for details of the criteria used see appendix , table S3 ).
In both cohorts the number of exacerbations and pneumonia events for each patient were calculated over 2-year follow-up. Exacerbations were identified using the criteria described in the appendix. Pneumonia events were defined by all relevant diagnostic read codes. Read codes that were recorded within 28 days of each other were considered to belong to the same pneumonia event.
Statistical Analysis
Kappa statistics were used to examine changes in GOLD groups over the 2-year period, and were interpreted according to the classification system proposed by Landis and Koch [12] . We evaluated the relationship between GOLD group and exacerbation rates within each cohort, using a negative binomial regression model allowing over-dispersion with GOLD group A as the reference group. A subgroup analysis based on appropriateness of maintenance therapy (under-, appropriate and over-treatment) according to GOLD 2019 was also conducted for exacerbations. Since the majority of patients had no pneumonia during follow-up, a zero-inflated negative binomial regression model was used to examine the association between the GOLD groups and pneumonia, and findings were reported as rate ratio (RR)s (95% CIs). The change in maintenance treatment over two years were compared between the GOLD groups within cohort 2, using a multinominal logistic regression model with findings reported as relative risk ratios (RRRs) with the corresponding 95% CIs. In the unconditional
Research in Context
Evidence Before This Study
In 2019 GOLD published updated recommendations on the management of COPD focussing on the initial and subsequent use of inhaled therapy. Previous studies have compared the use of therapy in practice with previous GOLD recommendations and have examined outcomes such as exacerbation rates in people categorised into the four GOLD groups A to D. However, these studies have almost exclusively been in people already on maintenance therapy when it is impossible to determine if therapy is appropriate or not as it may have changed the level of symptoms of exacerbation rates leading to false conclusions.
Added Value of This Study
To our knowledge, this is the first study to compare prescribing patterns in a large cohort of unselected patients with COPD to the GOLD 2019 recommendations for initial and subsequent therapy whilst also examining the changes in breathlessness and exacerbation rates over time and their relationship to the appropriateness of the therapy. Many patients in groups A & B who are at low risk of exacerbations appeared overtreated, particularly with inhaled corticosteroids, but the exacerbation rates in these patients were higher than those appropriately treated suggesting additional clinical features may have influenced the prescription of therapy. The study also shows for the first time in a large primary care cohort the marked changes in patients' level of symptoms and number of exacerbations over time leading to movement between GOLD groups.
Implications of All the Available Evidence
The GOLD assessment scheme does predict patients at higher risk of exacerbation and patients' level of symptoms and number of exacerbations changes over time, either spontaneously or as a result of therapy. GOLD groups should not be used to assess the appropriateness of established therapy À this should be based on the level of continuing breathlessness and number of exacerbations, taking into account the blood eosinophil count. Compared to the GOLD recommendations there is significant overtreatment, but other factors may guide individual treatment choices and in some cases these may be appropriate. Further work to characterise these would assist the development of future treatment recommendations. models, findings were adjusted for age and sex. All other potential confounders did not change the association. Potential confounders were included in the final model if they independently changed the estimated effect for the GOLD groups by 10%. Potential confounders, as measured at baseline, included smoking and inhaled corticosteroid use. Because of the low percentage of missing data in the study (see Tables 1 and 2) , no imputation method was used. All analyses were conducted using SAS V9.3 (SAS Institute Inc., Cary, N.C.).
Complementary Analysis
We expected the prevalence of comorbidities to be higher in patients with established COPD (cohort 1) compared with those initiating maintenance therapy (cohort 2); however, this was not the case in our preliminary analysis [13] . We therefore examined the prevalence of comorbid conditions in a general population to determine whether the overall prevalence of comorbidities was higher in patients with established COPD, reflecting the systemic effects of the disease, including at an early stage, or whether it is simply a feature of an older population group (for details see appendix).
Results
11
,409 patients were identified as established COPD patients forming cohort 1 and 699 patients started maintenance therapy for the first time during 2014 forming cohort 2 ( Fig. 1 ). Among established patients 44¢3% had the characteristics of GOLD group A, 25¢7% group B, 13¢8% group C and 16¢2% group D ( Table 1 ). In patients initiating maintenance therapy, 45¢2% were in GOLD group A, 28¢5% in group B, 15¢7% in group C and 10¢6% in group D ( Table 2 ).
Baseline Characteristics
The mean age of established patients was approximately 70 years, with patients in group B being a little older than those in the other groups (Table 1 ). There was more variation in the age of patients starting maintenance therapy with those in groups B & D being slightly older ( Table 2 ). In established patients, men outnumbered women in groups A & B but the numbers were approximately equal in groups C & D, whereas men accounted for approximately 60% of patients in all groups initiating therapy. The prevalence of current smoking was about 30% in established COPD patients with no difference between groups, but it was higher in patients initiating therapy (at 45À47%). Approximately 17% of established patients in groups A & B and 22À24% in groups C & D had a diagnosis of current asthma (Table 1) . A lower proportion of patients in each GOLD group initiating therapy had asthma ( Table 2 ).
The distribution of FEV 1 impairment was similar among established patients (Table 1) , although there were more GOLD stage 3 and 4 patients in group D. In patients initiating maintenance therapy there were very few GOLD stage 4 patients in group A and more stage 3 and 4 patients in groups C and D. The mean mMRC score for patients initiating therapy in groups A and C was 0¢7À0¢8 and 2¢3À2¢5 in patients in groups B & D. There was no difference between mMRC scores in established patients in groups A and C or between groups B and D, but the mean scores were higher in established COPD patients (cohort 1) in groups B & D compared with those initiating therapy (cohort 2) ( Tables 1 & 2) .
The mean exacerbation rates in the 12 months prior to ID were similar in both cohorts, with mean rates in patients in groups A and B between 0¢3À0¢4 per year. Over 60% of patients in these groups had not had an exacerbation in the previous year. In groups C and D of both cohorts the mean rate was approximately 2¢6À3¢3 per year. Mean eosinophil counts were similar in patients in all GOLD groups and across cohorts, with approximately two thirds of the patients having counts below 300 £ 10 9 /L. Over half of established patients were on therapy containing ICS and a quarter were on LAMA alone, with no differences between the GOLD groups. More established patients in group D were on triple therapy (39¢8%) than those in groups B (26¢2%) and C (24¢3%), and triple therapy was only used in 13¢7% of patients in group A ( Table 1 ).
In patients initiating therapy, LAMA monotherapy was the commonest treatment in all groups, with ICS containing therapy used in less than 50% of the patients. Very few patients in groups A, B & C were started on triple therapy, but it was the first maintenance therapy used in 13¢5% of patients in group D.
Change of GOLD Groups Over 2 years
In both cohorts, the overall proportion of patients in each GOLD group was similar in 2014 and 2016 (cohort 1: Kappa: 0¢33, 95% CI: 0¢32À0¢35; cohort 2: Kappa: 0¢03, 95% CI: À 0¢01À0¢07), but there had been substantial movement of individual patients (Fig. 2) . In both cohorts, over half of the patients in groups A and B at baseline stayed in these groups, but over 20% of patients in group B at baseline in both cohorts moved into group A (i.e. became less symptomatic). Over the two years 41¢2% of established COPD patients categorised as meeting the criteria for group D in 2014 moved to groups A or B on the basis of having had fewer exacerbations. 52¢7% COPD patients in group D started on maintenance therapy in 2014 moved to groups A or B, with only 36¢5% staying in group D over 2 years.
Appropriateness of Therapy
In established COPD patients there appeared to be substantial overtreatment of patients with blood eosinophil counts < 100 and those with higher eosinophil counts with mMRC < 2 and fewer than 2 exacerbations in the previous year ( Table 3 ). The medications prescribed to patients judged as over-treated are shown in Appendix table S4. In the majority of cases over-treatment was due to the inappropriate use of ICS containing therapies. 20À30% of the patients who appeared overtreated according to COPD recommendations had current asthma, which may explain the use of ICS. Symptomatic patients with mMRC of 2 or more and those with frequent exacerbations appeared undertreated irrespective of eosinophil counts. For patients initiating therapy (cohort 2), many patients in groups A, B and C appeared to be overtreated, although again 20% of the patients who appeared over-treated had current asthma, some patients in groups C & D were undertreated and some in group D were overtreated having been started on triple therapy as their initial therapy (Table 4 ).
Comorbid Conditions
Diabetes, cardiovascular disease and osteoporosis were the most common comorbidities in patients in all GOLD groups in both cohorts . There was no difference in the prevalence of comorbidities between the two cohorts of COPD patients, except for osteoporosis which was less common in patients initiating therapy (4¢3% vs. 7¢7%; OR: 0¢54 (95%CI 0¢37À0¢78) p = 0¢001) ( Table 5 ). Most comorbidities were more common in the established COPD patients than in patients who did not have COPD matched for age, sex and smoking history (Appendix, table S7), whereas cardiovascular comorbidities, anxiety/depression, rhinitis and gastroesophageal reflux were more common in COPD patients starting maintenance therapy than in their matched controls (Appendix, table S7).
Exacerbations
The mean exacerbation rates during follow-up for patients in each GOLD group for established patients and those initiating therapy is shown in Table 6 . For the established patients (cohort 1) the mean rates for patients in groups A and B were higher and in groups C and D were lower during follow-up than in the year prior to ID (Table 1) . Patients in GOLD groups B, C & D had significantly higher exacerbation rates during follow-up than patients in group A (RRs: 1¢42À3¢69) ( Table 6 ).
For patients initiating maintenance therapy (cohort 2) exacerbation rates were higher during follow-up than in the year prior to ID for patients in groups A & B, but lower during follow up for patients in groups C & D ( Table 1) . Patients initiating therapy in GOLD groups B, C & D again had significantly higher exacerbation rates during follow-up than patients in group A (RRs: 1¢60À2¢90) ( Table 6 ). The distribution and mean exacerbation rate per year during the follow up period of COPD patients initiating therapy in each GOLD group, categorised by appropriateness of therapy according to the 2019 GOLD Report, are shown in Appendix table S9. Exacerbation rates appeared slightly higher in people who were categorised as over-treated in groups A, B & C and also higher in those that appeared under-treated in groups C & D but the numbers of patients in each category were small and the differences were not tested statistically.
Pneumonia
Pneumonia in the year prior to ID was significantly more commonly recorded in established patients with COPD than in matched controls, occurring in 1¢1% of COPD patients and in 0¢5% of controls (OR: 2¢20 95% CI 1¢77À2¢75), and in 1¢3% of patients starting maintenance therapy compared with 0¢1% of matched controls (OR: 17¢98 95%CI 3¢89À83¢18). In established COPD patients the proportion of patients in each GOLD group diagnosed with pneumonia during follow-up was 1¢5% in group A and 3¢2À3¢3% in groups B-D. However, no statistical differences between the GOLD groups and the rate of pneumonia was observed (data not shown). Fig. 3 shows the proportion of patients initiating therapy (cohort 2) who had their therapy escalated, de-escalated, switched or left unchanged over the two years of follow-up by initial GOLD group. Patients in group B were slightly more likely to have their treatment switched or escalated than patients in other groups (table S10) .
Escalation/De-escalation of Therapy
Appendix table S11 shows the appropriateness of maintenance therapy after two years, assessed according to the recommendations for initial therapy for the GOLD group in 2014. In patients in group A there was an equal tendency both to increase treatment in approximately a quarter of those appropriately treated at baseline, and de-escalate in those over treated at baseline. A similar pattern was seen in group B, but 11% of patients who were over-treated at baseline were de-escalated to therapy that appeared to leave them under-treated. In group C half of the patients under-treated at baseline remained under-treated at follow-up, whilst most who were initially over-treated appeared appropriately treated at follow-up. In group D patients who were under-treated initially were either appropriately treated at follow-up (43%) or over-treated (57%), most who were appropriately or over-treated remained so.
Discussion
This study shows that nearly half of the COPD patients initiating therapy were in GOLD group A but nearly 10% were in GOLD group D. The distribution of established patients among the groups was similar to that of the patients initiating therapy. The baseline demographic and disease characteristics of the patients in our study are similar to those previously reported for patients in the UK and internationally [3, 6] . The fact that nearly half of patients initiating maintenance therapy were current smokers is concerning, considering that smoking cessation is the single most important intervention for all COPD patients. In both cohorts there was a striking similarity in the distribution of lung function impairment across the GOLD groups, with GOLD stage 2 being the most common abnormality. As would be expected there was a trend towards worse lung function in patients in the more symptomatic groups B & D, but it was surprising that there were still more patients in these groups in both cohorts that had an FEV 1 80% predicted (i.e. GOLD stage 1) than those with an FEV 1 < 30% predicted (i.e. GOLD stage 4).
Comorbidities were common in both cohorts and were more common in the cohorts than matched controls who did not have COPD. Nearly 20% of established patients and over 10% of patients initiating therapy had a diagnosis of current asthma. Apart from osteoporosis, comorbidities were not more common in patients with established COPD disease than in those initiating therapy. This may suggests that most comorbidities share common risk factors with COPD rather than being a consequence of having developed COPD, but the prevalence of osteoporosis may have been increased both by the likely more longstanding inactivity of established patients, systemic effects of COPD and steroid therapy [14] . Anxiety or depression were recorded as being present in approximately 1 in 5 patients with established COPD and in a similar proportion of patients initiating maintenance therapy. The recognition and management of these comorbidities is important as they are associated with increased levels of symptoms, a greater likelihood of being hospitalised, poor compliance with therapy and less success with smoking cessation strategies [15À18].
Assessing patients using the GOLD groups did identify patients at greater risk of exacerbations in both cohorts. The risk patients in group D compared to group A was greater in the established patients than in those initiating therapy. This probably reflects the fact that established patients were assessed as being in GOLD group D (i.e. having frequent exacerbations) while already on therapy, whereas patients initiating therapy may had greater opportunity for treatment to reduce the risk of exacerbations.
In both cohorts there was considerable change in symptoms and risk of exacerbations over two years, leading to potential reclassification of patients. However, in both cohorts nearly two thirds of patients in group A and half of the patients in group B remained in the same group. Group C was the least stable with only 27.2% of established Table 3 Appropriateness of therapy in established COPD patients on maintenance therapy in 2014 according to recommendations of the GOLD 2019 Report, based on dyspnea, exacerbation frequency and blood eosinophil counts at ID (cohort 1). (To avoid unintentional disclosure and to preserve confidentiality, cell counts <5 are reported as <5. patients and 14.5% of patients initiating maintenance therapy remaining in the group after 2 years whilst most moved into the low exacerbation risk groups A and B. One third of patients initiating therapy remained in GOLD group D after 2 years, but many patients moved to a lower exacerbation risk group, possibly as a result of effective management. Similar changes have been reported in the Eclipse cohort which predominantly contained established patients attending outpatient clinics in secondary care [19] . The therapy initiated in patients in groups A, B & C differed from that currently recommended in the GOLD report [2] and from the therapy recommended by GOLD at the time [20] . At the time that these patients were being managed, clinicians in the UK were increasingly being encouraged by payors to use the GOLD recommendations rather than following the NICE guidelines as the latter had not been updated since 2010 [21] ; however, not all clinicians would have been aware of the GOLD recommendations or encouraged to follow them. Approximately 20% of patients assessed as being overtreated had asthma as well as COPD and in these patients the use of ICS would have been justified and therefore they were appropriately treated but this still leaves a significant number of patients who were overtreated, predominantly with ICS. Despite these caveats, comparison of the therapy prescribed with the current GOLD recommendations and its correlation with exacerbation rates is of interest. The 2019 GOLD Report emphasises that the assessment of symptoms and risk of exacerbations originally should only be used as a basis for determining initial therapy and is not designed for reassessing patients per GOLD group during follow-up.
In our analysis, a substantial proportion of patients initiating therapy in groups A & B were over-treated and 20% of patients in group C were under-treated. By definition COPD patients in this cohort of initiators all received maintenance therapy, so we cannot comment on the prevalence of patients with COPD who were experiencing symptoms or had a history of exacerbations but who did not receive any treatment. However, among the established COPD patients there appeared to be under-treatment of symptomatic patients and those continuing to exacerbate suggesting these factors were not being considered when patients were reviewed, and over-treatment of people with low eosinophil counts. At the time these patients were being treated the blood esosinophil count had not been recommended as a factor to guide maintenance therapy, but these results suggest that if it had been used as GOLD now recommend when reviewing therapy, it may have been possible to de-escalate therapy in a large number of patients. People with low levels of symptoms or low exacerbation rates also appeared over-treated but may have actually been successfully treated.
Over 40% of patients initiating maintenance therapy in groups A and B were prescribed an ICS containing therapies, with substantial initiation of ICS monotherapy. Our findings are in line with previous studies analysing adherence to recommendations on the management of COPD, although most of these looked at the appropriateness of therapy in patients classified into groups A-D whilst on therapy rather than their GOLD group at initiation of therapy [3À6]. The adherence to guideline recommendations in this study may represent a 'best case' scenario given the fact that considerable rigour had been used to diagnose COPD using spirometry and the likelihood that this would translate to considered therapy choices. Previous studies have examined the possible reasons underlying the difference between real-life practice and evidence-based treatment recommendations. Poor familiarity has been found to be associated with nonadherence to the previous recommendations on ICS and long-acting bronchodilators [22] , and primary care physicians who had difficulty assessing response to therapy were less likely to adhere to recommendations on long-acting bronchodilator use [23] . However, in our analysis the mean exacerbation rate per year appeared higher in people who were categorised as over-treated in groups A, B & C. Similar patterns have been reported in an analysis of prescribing at a Veterans Administration Medical Center in the USA [24] . This may suggest that additional clinical features associated with an increased risk of exacerbations led the managing clinicians to prescribe therapy which was at variance with the GOLD recommendations, but perhaps appropriate for that individual.
There were changes in therapy in the patients initiating maintenance therapy over the two years of follow-up, but most commonly treatment was left unchanged and for patients in groups A and B this meant that many remained over-treated. There was evidence of Table 4 Appropriateness of therapy prescribed in patients initiating maintenance therapy in 2014 according to recommendations for initial therapy in the GOLD 2019 Report (cohort 2). (To avoid unintentional disclosure and to preserve confidentiality, cell counts <5 are reported as <5). Table 5 Prevalence of comorbid conditions in COPD patients initiating maintenance therapy (cohort 2) and established COPD patients (cohort 1) and odds ratio for prevalence of comorbidities in cohort 2 vs. cohort 1. *Active at the index date, (To avoid unintentional disclosure and to preserve confidentiality, cell counts <5 are reported as <5. escalation of therapy in line with recommendations in patients considered under-treated initially in groups C and D, suggesting that clinicians had reviewed the patients and adjusted therapy based on continued symptoms or exacerbations. It was not possible to assess the appropriateness of changes in in established COPD patients according to the recommendations for follow-up in the GOLD 2019 Report as information was not available in the database about individual's treatable traits at the time of review.
Group
Strengths and Limitations of the Study
Our study has several strengths including the large sample size, completeness of follow-up and the robustness of the COPD diagnosis in OPCRD which is based on symptoms and spirometry. OPCRD is a well-maintained database which is used frequently for observational research and it contains information which is prospectively collected, and not subjected to recall bias. The dataset draws from a geographically and socioeconomically diverse population, and therefore we believe that the study results reflect routine clinical practice in the UK and show the true distribution of UK patients among the GOLD groups, and their demographic and disease characteristics. It also shows the differences between real-world prescribing patterns in the UK and guideline recommendations.
Potential study limitations include the fact that the data set reflects the demographics of patients and clinical practice in the UK only. Furthermore, to be included in the study patients had to have an mMRC score and the number of exacerbations recorded in their medical notes in 2014, 2015 and 2016 and may not therefore be fully representative of all patients with COPD. Different guidelines, such as the NICE COPD guideline may have influenced management and availability of medication and initiatives by payors may also have influenced prescribing, for example inhalers containing LABA/ LAMA were only launched in the UK in late 2014 [25] . Patients' classification into the GOLD groups was based solely on their mMRC scores as these are routinely recorded in UK primary care practice; however, some clinicians may have used CAT scores to assess patients and make treatment decisions. CAT scores are not systematically recorded in all patients. It is also not possible to determine if patients were adherent with their therapy and thus the presence of symptoms or occurrence of exacerbations in patients on treatment may reflect under-treatment or poor adherence to prescribed medications, or both.
In summary, this analysis indicates that the majority of patients are not at high risk of exacerbations and that smoking and comorbidities are common at the time patients initiate maintenance therapy. Many patients in GOLD groups A and B are over-treated when compared to the GOLD recommendations, in particular they are prescribed ICS alone or in combination with a LABA as their first maintenance therapy. Many patients remained symptomatic and continued to have exacerbations despite treatment, but there was evidence that therapies were escalated and de-escalated in response to this; however many remained overtreated and continued work is needed to improve clinicians assessment and management of patients with COPD using dissemination methods more likely to change behaviour [26] in order to limit the risks and costs associated with under-treatment and over-treatment and to improve patient outcomes.
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Appendix A
A.1. Data Requirements and Data Extracted From OPCRD
To estimate the patient characteristics in each cohort, and to prevent user bias in the study of patients in cohort 2, every patient had to be registered with a general practitioner (GP) for at least one year before the ID. Patients had to have had continuous medical record data between January 1, 2014 and December 31, 2016, to have had at least one record of a modified MRC (mMRC) dyspnoea score per year between January 1, 2014 and December 31, 2016, and to have had at least one record of exacerbation frequency (including none) per year between January 1, 2013 and December 31, 2015. Patients were excluded if they had a previous diagnosis of other lower respiratory disease other than COPD, asthma, or bronchitis at any time.
For eligible patients the following data were extracted from the OPCRD: age at ID; sex; body mass index (BMI, kg/m2) within 5 years prior to ID; smoking status (categorised as never smokers, current smokers, former smokers); FEV 1 % predicted (categorised by GOLD stage: GOLD 1: 80, GOLD 2: 50À79, GOLD 3: 30À49, GOLD 4: < 30); mMRC dyspnoea score (categorised as: 0À1 and 2); blood eosinophil count (categorised as 0.30 £ 10 9 /L (high) and < 0.30 £ 10 9 /L (low)); prescription of respiratory drugs; the presence of comorbidities recorded as active problems in the year prior to the ID; and whether or not patients had a diagnosis of pneumonia in the year prior to the ID. Based on their mMRC score and history of exacerbations in the previous year, patients within each cohort were then classified by the GOLD 2017 classification scheme as GOLD group A, B, C or D in the year 2014 and 2016 [1] .
COPD exacerbations were defined as the occurrence of the following events: a. Unscheduled hospital admission with acute COPD exacerbation as the primary diagnosis AND/OR, b. Unscheduled COPD-related accident & emergency (A&E) attendance AND/OR, c. An acute course of oral corticosteroid AND/OR. d. Antibiotics prescribed with evidence of a lower respiratory consultation.
When oral corticosteroids and antibiotics were prescribed during a routine respiratory review (mMRC and a prescription of oral corticosteroids and/or antibiotics at the same day) the prescription of both of these drugs was not be included in the algorithm for estimating the number of exacerbations. An exacerbation within 14 days from a previous one was considered to belong to the same event.
